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Abstract. We review recentresultsof B** massesmassandlifetime of Bf mesonandlifetimes of BY and/\g hadrondrom
TevatronRunllI.
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INTRODUCTION

Measuremenbf massesand lifetimes of the B hadronsprovidesimportanttestof mary theoreticalmodels.Heary
QuarkEffective Theory(HQET) givespredictionson massspectraof orbitally excited B stateq1], andHeavy Quark
ExpansiortechniquelHQE) calculatedifetime differencesamongdifferentB hadrong?2]. The massof Bf mesonis
alsopredictedby lattice QCD calculation[3]. Measuringthesequantitiesgivesvery goodtestof varioustheoretical
predictions.The TevatronRun I is a greatplaceto studytheseB hadronproperties Since2001, Tevatrondelivered
about1.5fo~! of pp collision dataat /s = 1.96 TeV up to February2006. Both the CDF and D0 detectorshave
excellentmassandlifetime resolution,andvarioustriggersinstalledto measureéB hadronpropertiesn mary aspects.
CDF hasa displacedracktriggerwhich capturesB eventsby triggeringon trackswith largeimpactparameterAnd
boththe CDF and D0 have leptontriggers,which capturesingle or di-leptonevents.The single leptontriggersare
optimizedto capturesemileptonid decaysanddi-leptontriggerfinds B signalsassociatevith 3/ or Y resonances.
Thanksto large b productionratesat the pp collision andtheexcellenttriggers,the Tevatronhave world’s largestB**,
BY, BY and /\8 samplesin this documentwe summarizeatestresultson orbitally excited B statesB{ properties,
andlifetimes of BY andAg hadrongreportedby CDF andD0 in TevatronRun|l. Chage conjugatestatesarealways
implied thoughouthis text.

ORBITALLY EXCITED B MESONS

The groundstatesof bg systemarethe pseudoscalaandvector stateswhich have orbital angularmomentumL = 0
andtotal spinS= 0 or 1. If we considerstateswith L = 1 andcombineit with spinS= 0 or 1, four differentstates
will beallowedwith J? = 0%, 1+, 1* or 2*. Theseorbitally excited statesarecalledasBy, B;, B; andBj respectiely,
anddecayto L = O stateswith stronginteraction.The Bj andB; statesdecayvia S-wave andthushave broadwidth
(~ 100MeV/c?). Dueto suchbroadwidth, thesestatesarenot yet obseredexperimentally On the otherhand the By
andBj stateslecayvia D-wave andhave narrov width.

Boththe CDF andD0 experimentsgprovide the massmeasuremerdf B; andB; statesusingdatafrom the Tevatron
Runll. CDFreconstruct®* signalusingtwo differentdecaymodesB* — J/@wK* andB™ — D°mr* in the datasize
of 370pb~1 [4]. ThentheB™ candidatés combinedwith anegatively chagedtrack,andmassdifferences calculated
asQ = M(BTm) — M(B*) — M(mr). Spectraof the massdifferencefor two differentB* decaymodesare shavn
in Figurel. Peaksobsenedin the spectraareoriginatedfrom threedifferentdecaysof orbitally excited B statesBy
fitting thesespectrawith signalandbackgroundemplatesmassef the B; andB; statesare measuredThe signal
templateis assumedisnon-relatvistic Breit-Wignerfunction corvolutedwith detectoresolution At thefit, width of
the B; andB; statesarefixedto beatheoreticallypredictedvalue.As aresultof thefit, massesireobtainecto be

M(B1) = 5734+ 3(stat.)+2(sys.) MeV/c?
M(B}) = 5738+5(dtat.)+ 1(syst.) MeV/c2.
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FIGURE 1. Spectraof massdifferencewith two different B* decaymodesmeasuredht the CDF in Tevatron Run II. Left:
Bt — J/YK* sampleRight: Bt — DOrrt sample.

The D0 alsomeasureshemasse®f B; andB} statesusingfully reconstructed® — J/ (K™ samplein the dataof
1 fb~1 [5]. The spectrumof massdifferencebetweerB+ m— andB* systemis shavn in Figure2 left plot. By fitting
the spectrumof massdifference the massof B; andmassdifferencebetweerB; andB; statesaremeasureds

M(B;) = 57208+ 25(dtat.) +5.3(syst.) MeV/c,
M(B5)—M(By) = 25243.0(dtat.)=+1.1(syst.) MeV/c2

Width of thetwo narrav statesarealsomeasurecs

[(By) = (B}) = 6.6+5.3(dtat.) + 4.2(syst.) MeV/c?

assuming (B3) andl" (B;) areidentical.

TheJP = 27 stateof thebs systempalledB;S, is recentlyobsenedat DO [6]. The B;S signalis fully reconstructed
usinga decaychainBY — BYK~, BT — J/¢K* in 1 fb~! of data.A spectrumof massdifferenceQ = M(BZ) —
M(B*) — M(K™) is shavn in Figure2 right plot. Themassof M(B)) stateis obtainedo be

M(BLY) = 58391+ 1.4(stat.) + 1.5(syst.)MeV/c?.

Thisis thefirst directobsenationof the B state.
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FIGURE 2. Spectreof massdifferencemeasureat D0 in dataof 1 fb~1. Left : MassdifferencebetweerB* = andBt. Right:
MassdifferenceamongB*K~ andB*, K~ system.



MASSAND LIFETIME OF Bf MESON

The Bf mesonis a boundstateof bottomandcharmquarks.Sincethis is the only mesonwith two differentheary
flavors, it can provide interestingtestsof sometheoreticalmodels.The Bf massis predictedby a lattice QCD
calculation[3], andthe lifetime is calculatedwith a non-relatvistic expansion[7]. The Bf mesonis first obsened
atCDFin TevatronRunl [8], andnow precisemeasuremerdf massandlifetime is givenby CDFin Runll.

The B mesonmassis measuredisingfully reconstructedhadronicdecayB — J/ @t [9]. In 800pb~! of Run
Il data,38.90of Bf candidatesarefound with significanceof about6o. Left plot in Figure 3 shaws invariantmass
distribution of J/ynt system Clearpeakfrom the B decayis obsened.By fitting theinvariantmassspectrumthe
massof B mesonis obtainedto be

M(B7) = 62752+ 4.3(stat.) + 2.3(syst.)MeV/c2.

Measuremenf theBY mesorlifetime is alsoperformedat CDFRunll usingsemileptoniadecayBy — J/wetv [10].
About 203 of Bf candidatesireobtainedin 360 pb—* of data.Figure3 right plot shovs pseudo-propedecaylength
distribution definedasct* = Ly, (B)M(B{)/pr(J/ypet), whereL,y(BY) is a decaylengthof Bf mesonmeasured
in perpendiculaplaneto the pp beamaxis. By fitting the pseudo-propedecaylengthdistribution, the B lifetime is
measuredo be

1(BY) = 0.46370573(sat.) £ 0.036(syst.) ps

Theseresultsarecurrentlyworld bestandconsistentvith almostof theoreticalpredictions.
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FIGURE 3. Left: Thefully reconstructe@®! massspectrumwith theBf — J/ @t decaymodeat CDF. Right: Pseudo-proper
decaylengthdistribution of the semileptonidB¢ candidates.

B HADRON LIFETIMES

The lifetimes of B hadronsare fundamentaland important obsenable. A theoreticalcalculationinvolving non-
spectatoB hadrondecaygivesfollowing predictionsfor lifetime relations[2]:

1(BT)/1(B°) = 1.0040.05x (fg/200MeV)?
1(BY)/1(B°) = 1.0040.01
T(A)/T(B°) = 0.9+0.05

Measuringtheseratiosis a very goodprobeto the non-spectatodecaymechanismTheratio of BT andB° lifetime is
alreadymeasureavith extremeprecisionby Belle, DO andBaBar[11], however for the B andAg hadronsTevatron
is only the placeto measuraheir propertiesin Runll the Tevatronhave world’s largestsamplesf thesehadronsin
this sectionwe review recentresultsof the BY lifetime andlifetime differencebetweendifferentCP eigenstatefrom
CDFandD0, andthelatestA] lifetime resultprovidedby CDF.



Lifetime of Bs M eson

It is known thatthe B andits antiparticleB? aremixedeachotherdueto secondbrderweakinteraction,andform
two CP eigenstatesAssumingno CP violation with the BY mixing, the CP eigenstatearewritten asfollows:

|Bs) 1/v2(|BY) +|BY)
Bs) 1/v2(|B2) - [BY)

Thesetwo stateshave differentmassandlifetimes,thenotationL, H means'Light” and“Heavy” massstatesAverage
anddifferenceof decaywidth betweerthesestatesaredefinedasl" = (F'y + ) /2, A =y — I, respectiely. There
areseveralapproacheso determindifetimesof the |By ) and|Bg) statesOnemethodis measuringdflavor-specific”
lifetime usingfinal stateswith equalfractionsof |Bs ) and|Bgy) statesTheflavor-specificlifetime canbewritten as

T(Bo)f _ 1 1+ (%)2
s/fs = 2"

F1-(5)

Anotherwayis to measure = 1/ usingBl — K+K~ final statewhichis 95% originatefrom |Bg ). Thelastwayis
measuring\" directly with BS — J/ @@ decaysseparating_P-evenandodd componentsvith angularanalysig[12].
In this sectionwe review recentresultsof the formertwo methods.

Theflavor-specificlifetime is measuredby both CDF andD0 in Runll usingvariousdecaymodes CDF measures
theflavor-specificB? lifetime usingsemileptoniadecaychainsB — D ¢~ v (¢~ = e, u~) collectedby singlelepton
triggers[13]. It provides high-statisticsand good S/N sample.Figure 4 shavs DI massplot associatingwith a
negatively chagedlepton and pseudo-propedecaylength distribution for the B2 signal sample.Using about1150
of partially reconstructed¢andidatesthe BY mesorlifetime andtheratio with 1(B%) aremeasuredo be

1(B)) = 1.381+0.055dat.) F00%(syst.) ps
1(BY)/1(B°) = 0.938+0.044(stat.) *357%(syst.).
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FIGURE 4. Left:Invariantmassspectrumof reconstructedy mesonassociatingwith a leptonat CDF. Right:Pseudo-proper
decaylengthdistribution of the Bg sighalsample.

Theflavor-specificB! lifetime is alsomeasuredt CDF usingthefully reconstructethadronicdecaysp? — D ™
or Dttt in 360 pb~? of data[14]. The dataarecollectedwith the displacedracktrigger. The displacedrack
triggergivesbiasto the B decaylengthdistribution, thereforethe biasis correctedusingMonte Carlosimulation.The
invariantmassesnddecaylengthdistributionsareshavn in Figure5. In themassplotsonecanseethe BY signalpeak
well separatedrom otherB componentsBy fitting the massanddecaylengthspectrasimultaneouslythe B lifetime
is obtainecdto be

7(BY) = 1.60+ 0.10(gtat.) + 0.02(sys.) ps
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FIGURE 5. Massanddecaylengthdistributionsfor B — D r~ /D¢ it it decaymodesat CDF.

Otherresultsof flavor-specificB? lifetime is provided by D® using the semileptonicdecayB? — DF u*v [15].
Thanksto large branchingfraction of semileptonicdecayandlow pr threshold(> 2 GeV/c) of muontriggerat DO,
large numberof B candidatesare collected.Figure 6 shavs massspectrumof D associatingwith a muon, and
pseudo-propedecaylengthof the B samplefoundin 0.4fb~* of Runll data.Thelifetime is measureds

T(BY) = 1.398+ 0.044(¢tat.) T925(syst.) ps

Thisis the currentworld’s bestmeasuremeruf the flavor-specificB! lifetime.

o E F .
L F S {
3 3000F Fe " S el 1) D@, 0.4fb™
2 E A D@, 0.4 b © 10°E H
= 2500| P g F I
Uy S PN s WY e F H
2 ) 3 Xfdof=0.64 £ 10 [
g 200050000, N g
2 F ‘%000 g0, 2 L x?/dof = 1.06
£ oo *aes0s0 § wf 1
2 £ 000005 E i{?
© 1000 E |
F 1= -
500 E Il
2 L A Loiiil L L L 10"7 l L i
075 18 185 1.9 195 2 205 21 215 03 02 -01 0 01 02 03 04 05
Mass(@Ti) [GeV/c?] Pseudo Proper Decay Length (cm)

FIGURE®6. Left:Invariantmassspectrunof reconstructe®Z mesonassociatingvith aleptonat D@. Right:Pseudo-propetecay
lengthdistribution of the B signalsample.

The lifetime of |By ) stateis measurecy CDF usingthe decayB? — K+K~ [16]. Fractionsof backgroundB
componentgrom B§ — K+K~ /K~ areestimatedrom the K¥K~ massKinematics andparticle|D information.

Involving theestimatedackgroundractionsandshapesnto thefit, thelifetime of theB2 — KK~ decayis measured

to be
(B —» KTK™) = 1.53+ 0.18(¢tat.) + 0.02(syst.) ps

andusingflavor-specificBY lifetime takenfrom theworld averagethe Al /T is foundto be

Alcp/Tep(BS = KTK™) = —0.08+ 0.23(stat.) 4 0.03(syst.).
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FIGURE 7. Left:Thedecaylengthdistributionof theBY — KK~ sampleat CDFwith variousbackgroundomponentsverlaid.
Right: Summaryof variousB? flavor-specificlifetime andAI measurements.



Lifetime of AQ Baryon

Thelatestresultof the A{ lifetime measuremeris givenby CDF using1 fb~* of data[17]. ThedecayAd — J/¢A°
is analyzedin the di-muon (J/y — u*u~) trigger datasetand 542 of A9 candidatesarefully reconstructedThe
reconstructednassandproperdecaylengthof the /\8 areshown in Figure8. Thelifetime of /\8 is obtainedo be

T(AD) = 159370983 (g at.) + 0.02(sy.) ps
andusingworld averagevalueof 1(B?), thelifetime ratio is obtainedto be
T(AD)/1(B°) = 1.037+0.058

Theseresultsarecurrentlyworld’s bestone. The lifetime ratio T(A2)/1(B°) is measuredo be above 1, which shavs
about1.8¢0 discrepang with the HQE prediction[2], anddeviatesabout3g from the currentworld average[11]. It
could give animpactto thetheoreticalkalculation however moreexperimentainputswill be neededo concludethe
issue.
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FIGURE 8. Massandproperdecaylengthdistributionsfor the decay/\g — J/L[J/\O atCDFin Runll.

CONCLUSION

The Tevatronis a greatplaceto studyvariousB hadronpropertiesin TevatronRunll, boththe CDF andD0 already
accumulatemorethan1 fb~1 of pp collision data.Now the measurementsf orbitally excited B statemassesand
propertiesof the Bf mesonenterthe stageof precisemeasurementand mary interestingresultswith B¢ and Ag

hadronsarebeingprovided.All of theseresultswill give very goodtestsof thevarioustheoreticaprediction.Updates
of severalanalysesreongoingwith theaccumulatediata,andmoreinterestingresultsareexpectedn nearfuture.
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